Background: Hepatocellular carcinoma (HCC) is one of the most common and most frequently lethal cancers worldwide. Although many advances have been made in the analysis of multistage hepatocarcinogenesis, we still lack information to guide adequate clinical management options for HCC. A large number of genetic alterations occur during hepatocarcinogenesis, and many genetic studies have indicated that one of the most frequently mutated oncogenes found in HCC is β-catenin. Summary: Molecular subclassification of HCC based on gene expression signatures has identified a typical hepatocyte-like subclass of HCC harboring β-catenin mutations; this subclass is characterized by better histological differentiation and a less aggressive nature. We previously identified overexpression of the leucine-rich repeat-containing G protein-coupled receptor 5 (LGR5), also known as GPR49, in HCC with β-catenin mutations.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and the seventh in women, and because of high levels of mortality, it ranks as the third most common cause of death from cancer worldwide [1] . The steps involved in malignant transformation in HCC are well characterized: from chronic viral infection and liver cirrhosis to dysplastic nodules and then to early through to advanced HCC. Many studies have elucidated the molecular mechanisms involved in HCC's multistage hepatocarcinogenesis and helped to identify molecular markers in the development of HCC [2] . Although many advances have been made in the analysis of multistage hepatocarcinogenesis, we still lack information to guide adequate clinical management or indicate the most effective treatment options for HCC. Most HCC patients have underlying chronic liver diseases. Advanced liver cirrhosis resulting from either hepatitis B virus or hepatitis C virus infection is a contraindication for surgical liver resection, one of the potentially curative options in HCC treatment. Prognosis assessment and treatment decisions depend on the tumor staging; however, that depends on several different staging systems, and this fact can lead to difficulty in grading tumors uniformly [3] . Ideally, we need to standardize the histological molecular markers used in the diagnosis of HCC despite the diversity in clinical backgrounds and in the process of hepatocarcinogenesis. We also need to detail the molecular characteristics or histological patterns of HCC in order to establish accurate staging and improve treatment strategies. Here, we will discuss progress in molecular classification that has been made across different clinical settings in HCC patients worldwide and focus on the leucine-rich repeat-containing G protein-coupled receptor 5 (LGR5) gene, one of the genes already identified as being overexpressed in HCC, which represents a typical subgroup of HCC.
Molecular Subclassification of HCC
Some new approaches and methodologies have been developed to provide more credible histopathologic information that may be useful in predicting patient outcome and in assisting the clinical decision making process. Currently, specific genes and molecular pathways involved in the pathogenesis of HCC have been studied, and some progress has been made through genome-wide gene expression studies. Multiple studies have suggested that, despite highly variable clinical backgrounds and molecular heterogeneity, HCCs may share a similar gene-expression pattern [4] . A study by Boyault and colleagues in 2007 revealed six robust subgroups of HCC (designated G1-G6) by using microarray analysis and quantitative reverse transcription polymerase chain reaction (RT-PCR) data in a series of 120 HCCs and 3 hepatocellular adenomas. Subgroups G1-G3 were associated with high chromosomal instability, and the poorest prognosis was associated with subgroup G3, whereas better survival was evident in subgroups G4-G6 [5] . A subsequent study showed that the tumor-associated G3-proliferation signature and the poor-survival signature from adjacent nontumoral cirrhotic tissue were independent predictors of HCC recurrence, along with the presence of satellites [6] . A 2009 study by Hoshida and colleagues that involved a total of 603 HCC patients found three robust HCC subclasses (termed S1, S2, and S3): each subclass correlated with clinical parameters such as tumor size, the extent of cellular differentiation, and the serum α-fetoprotein (AFP) level. Subclasses S1 and S2 were associated with large tumors and poor histological differentiation, whereas subclass S3 was associated with a retained hepatocyte-like phenotype and a less-aggressive nature [7] . Some of the groups identified in these important studies had similar characteristics. Activations of Wnt/TGF-β, MYC, and AKT with inactivation of p53 were associated with subclasses S1 and S2, and this was in accordance with Boyoult's subgroups G1-G3. In addition, the less-aggressive S3 subclass resembled Boyault's G5 and G6 subgroups. Subgroups S3 and G5/G6 were strongly associated with β-catenin (CTNNB1) mutations that lead to Wnt pathway activation. As previously reported, a high prevalence of CTNNB1 mutations indicates alterations to canonical Wnt signaling in a subset of HCC [8] . Yamashita's classification of HCC subtypes with respect to expression levels of epithelial cell adhesion molecule (EpCAM) and AFP serum elevation was consistent with subclass S2, which also had an enriched EpCAM signature [7, 9] . EpCAM is known to be a hepatic stem cell marker, and EpCAM-positive HCC cells displayed a distinct molecular signature with features of hepatic progenitor cells [10] . In addition to EpCAM, KRT19 has also been identified as a gene associated with the hepatic progenitor cell-like signature and has already been described as a prognostic marker in HCC. Patients with HCCs that stain positive for KRT19 have a worse prognosis than those with KRT19-negative HCCs [11] . Subclasses S1 and S2 were associated with a KRT19-rich signature [4] . A simple global overview of HCC classification, modified from Hoshida's figure [4] , is given in fig. 1 . A recent study of 314 HCC samples from French patients identified a "five-gene score" for HCC (using a panel of five genes: TAF9, RAMP3, HN1, KRT19, and RAN) that was associated with outcome in HCC patients undergoing surgical resection [12] . This score was further validated in two groups of patients: one from Simple HCC classification. HCC was divided into two groups: aggressive and lessaggressive types. The global subclasses of HCC (e.g., S1-S3 [7] and G1-G6 [5] ) share some common characteristics. These specific signatures of HCC may enable us to predict patient outcome and lead to improved management and treatment.
Europe and the United States (most with hepatitis C virus and cirrhosis) and one from China (most with chronic hepatitis B virus infection). The five-gene score was significantly associated with disease-specific survival, independent of tumor stage, etiology, or the presence of cirrhosis. The cell cycle regulator (TAF9), the adrenomedullin receptor (RAMP3), the androgen (HN1), and the ras/raf/MAP kinase node (RAN) are new markers that have been linked to early tumor recurrence after surgery and to survival after recurrence [11, 13, 14] . Despite some additional validations being required before it is used as a robust predictive tool, the five-gene score was suggested to be superior in predicting patient prognosis than the previously established G3 HCC subgroup [12] . These novel strategies in HCC subclassification still need to undergo a long and challenging process of evaluation before they are applied in routine clinical practice. However, in the current era of advanced molecular medicine in which much effort has been expended on analyzing signaling pathways and mechanisms, a new approach to classifying typical HCC has been clearly indicated.
LGR5 Expression in Cancer
The Wnt/β-catenin signaling pathway is one of the major signaling pathways known to be involved in hepatocarcinogenesis and is also activated in Hoshida's S3 subclass and Boyault's G5/G6 subgroups. The Wnt signaling pathway is an evolutionarily conserved pathway that regulates crucial aspects of cell fate determination, cell migration, cell polarity, neural patterning, and organogenesis during embryonic development. It also plays a critical role in tumorigenesis. There are three main pathways related to Wnt signaling, and the canonical β-catenin-dependent pathway has been the most intensively studied. Mutations at sites that affect β-catenin phosphorylation can lead to dysregulation of the pathway [15, 16] . We reported overexpression of LGR5, also known as G-protein-coupled receptor 49 (GPR49), in HCC carrying β-catenin mutations [17] . LGR5 is structurally related to members of the G-protein-coupled receptor (GPCR) family, which comprises proteins with seven transmembrane domains. GPCRs function as receptors for various classes of ligand, including peptide hormones and chemokines [18] . Some studies have suggested that LGR5 is a downstream target of the Wnt signaling pathway [19, 20] . It has been shown that LGR5 expression in a human colon cancer cell line was downregulated on the induced inhibition of canonical Wnt pathway activity [21] . LGR5 was also identified as a novel stem cell marker of the small intestine, colon, and the hair follicles of mice. In the gastrointestinal tract, LGR5 seems to mark the cycling crypt base columnar cells that are suggested to be true intestinal stem cells and can give rise to all cell types of the gut epithelium.
LGR5 was restrictedly expressed in the population of actively cycling cells of the bulge of the telogen hair follicles. LGR5-positive hair follicles are self-renewing and multipotent, exhibiting the minimal properties of stem cells [22, 23] . The expression pattern of LGR5 suggests that it may represent a global marker of adult stem cells [21, 23] . Upregulation of LGR5 has also been reported in cancers other than HCC, and we previously reported LGR5 expression in a variety of cancer cell lines [24] . According to our data, a higher expression of LGR5 was observed in colon, liver, and pancreatic cancer cell lines than in ovarian, lung, and stomach cancer cell lines ( fig. 2). LGR5 plays a significant role in tumor formation and cell proliferation in basal cell carcinoma, a common malignant skin tumor [25] .
LGR5 is also involved from the early stages of colorectal tumorigenesis and is significantly correlated with lymphatic invasion in colorectal and gastric cancer [24, 26] . In intestinal-type gastric cancer, there is a correlation between expression of LGR5 and local tumor growth, nodal spread, and patient survival [27] . Also, in colon and ovarian carcinomas, overexpression of LGR5 has been identified, suggesting LGR5 as a new potential molecular target and biomarker in colon and ovarian tumors [28] . Although many studies have revealed upregulation of LGR5 along with increased Wntsignaling in cancer cells, indicating an important role of LGR5 in oncogenesis, the functional role of LGR5 in cancer cells is still poorly understood.
LGR5 Expression in HCC
Continuing our findings of LGR5 overexpression in HCC, we analyzed LGR5 function using HCC cell lines. HepG2 and PLC/PRF/5 were used as cell lines with activated Wnt signaling and high levels of LGR5 mRNA expression, whereas KYN2 was used as a cell line with low expression of LGR5 mRNA [17, 24] . We established stable clones expressing high levels of LGR5. Cells transfected with LGR5 showed an ability to survive longer in overgrowth conditions and were more resistant to the cytocidal effects of puromycin than the control empty vector cells were.
LGR5-overexpressing HCC cells formed nodular tumors with a tightly aggregated morphology, whereas downregulation of LGR5 transformed the cells into a loosely associated morphology allowing easy infiltration to contiguous tissue. Loss of LGR5 expression also increased cell motility: in the scratch wound motility assay, LGR5-overexpressing cells exhibited slow migration compared with that of the empty vector control cells ( fig. 3) [16] . In the above study, we observed that high levels of LGR5 expression altered tumors from a diffuse to a more nodular phenotype and also from a metastatic to a less metastatic phenotype. These findings showed that LGR5 expression in HCC likely affects the morphology and the metastatic properties of the tumor. Another report using colorectal cancer cell lines indicated that loss of LGR5 may contribute to the invasive phenotype of colorectal carcinoma, suggesting that LGR5 is a negative regulator of tumorigenicity [29] . Our previous clinicopathological study showed that overexpression of LGR5 was frequently found in well to moderately differentiated HCC [16] . Also, in HCC cell lines, LGR5 was highly expressed in HepG2 and PLC/PRF/5, which are categorized as non-metastatic ( fig. 2) . Our findings regarding LGR5 function in HCC cells seem to be in agreement with Hoshida's S3 subclass and Boyault's G5/G6 subgroups, which are characterized by a less aggressive, more differentiated tumor and the retention of normal liver function. Therefore, we suggest that the typical morphological and biological features of LGR5 expression in HCC may characterize a subset of the typical phenotype of less-aggressive HCC. 
Conclusion
Recent studies on the molecular classification of HCC are shedding some light on progress in the management of HCC. In addition to other markers such as EpCAM and KRT19, LGR5 expression may reflect a subset of HCC classification. These specific signatures are associated with clinical outcomes and may suggest treatment strategies for HCC patients. Thus, combining the use of immunohistochemical markers and functional role studies with a systematic framework of HCC classification will provide a more accurate understanding of hepatocarcinogenesis and point the way toward the personalized treatment of HCC. 
